Abstract-In this paper, the substrate integrated waveguide (SIW) resonator is designed to study the influence of dielectric materials on its operating parameters (insertion loss, fractional bandwidth and unloaded Q-factor). The results obtained show that the use of high permittivity substrate in the SIW resonator by increasing its thickness allows reducing the size of resonator by causing the increase in its unloaded Q-factor. A SIW bandpass filter is designed using low temperature co-fired ceramic (LTCC) technology and high permittivity substrate. The filter has a fractional bandwidth of 27 % centered at 14.32 GHz with insertion loss of 0.7 dB.
I. INTRODUCTION
ICROWAVE filters are widely used in the wireless communication systems, especially communication satellites. Rectangular waveguide filters are characterized by the high Q-factor and the low losses. However, their fabrications are very expensive and their interactions with planar structures are very difficult. In order to overcome these problems, a new technology has been proposed in the realization of the millimeter-wave filters, called the substrate integrated waveguide (SIW). The SIW is composed of two solid conductor planes separated by a dielectric substrate with two arrays of via holes in the both side walls. The SIW filters take the advantages of easy integration, high Q-factor, low cost and low losses [1] . On the other, LTCC (Low Temperature Cofired Ceramic) is a multilayer ceramic technology which allows producing multilayer hybrid integrated circuits. This technology is extremely useful for RF and microwave applications, due to its merits of low material costs and good thermal conductivity [2] . In this paper, the SIW resonator is analyzed to study the influence of dielectric materials. A SIW bandpass filter is designed using LTCC technology and high permittivity substrate. The structures are designed and simulated by using Ansoft HFSS.
II. DESIGN OF SIW CAVITY
The essential parameters of the SIW cavity are the distance between the holes (P), the diameter of the metallic via (D), the A. Rhbanou length (LSIW) and the width (WSIW). Thus, the propagation properties in the SIW cavity is very similar in a rectangular waveguide cavity filled with the same dielectric (εr) with width (Weff) and length (Leff) as shown in Fig. 1 . The width and the length of the SIW cavity are determined from Eqs. (1), (2) and (3), with P < 4 D and P < λ0 (εr/2) 1/2 and λ0 is the space wavelength [3] - [11] . 2 
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The unloaded Q-factor is defined as [12] , [13] :
where Qc depends only on the ohmic losses in the waveguide walls and is given by (5) [13] . 
and Qd depends only on losses in the dielectric and is given by (6) [13] . 
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where K is the wave number in the resonator, tanδ is the loss tangent of the dielectric, Rs is the surface resistance of the cavity ground planes and η is the intrinsic impedance. From these expressions, Figure 2 shows the evolution of unloaded Q-factor of the square waveguide cavity filled with dielectric (Weff = Leff) resonating at 9.13 GHz in the TE101 mode as a function of its thickness by varying its dielectric material. The silver metal walls (σ = 6.1 107 S/m) are used for the metallization. Fig. 2 . Evolution of unloaded Q-factor of the square waveguide cavity filled with dielectric (Weff = Leff) resonating at 9.13 GHz in the TE101 mode as a function of its thickness by varying its dielectric material. Figure 2 shows that the increase of the thickness of each dielectric material used in square waveguide cavity filled with dielectric (Weff = Leff) resonating at 9.13 GHz in the TE101 mode has caused an increase the unloaded Q-factor of cavity. Thus, the use of substrates with low dielectric loss allows obtaining very interesting results for high frequency applications.
III. ANALYSIS OF SIW RESONATOR
The TE101-mode-based SIW resonator is presented by a square SIW cavity (WSIW = LSIW) and tapered transitions with D = 0.15 mm and P = 0.375 mm. Figure 3 shows geometry parameters of SIW resonator. The SIW resonator resonating at 9.13 GHz in the TE101 mode is simulated by varying its dielectric material and its thickness, to provide estimates of its fractional bandwidth, its insertion loss and its unloaded Q-factor. The physical parameters of SIW resonator for several dielectric materials as a function of its thickness are shown in Table I .
As illustrated in Table I , the use of high permittivity substrate in the SIW resonator allows reducing the size of resonator.
The evolution the fractional bandwidth, the insertion loss and the unloaded Q-factor of the SIW resonator resonating at 9.13 GHz in the TE101 mode as a function of its thickness by varying its dielectric material are shown in Fig. 4 . Fig. 4 . (a) Evolution the fractional bandwidth of the SIW resonator resonating at 9.13 GHz in the TE101 mode as a function of its thickness by varying its dielectric material, (b) evolution the insertion loss of the SIW resonator resonating at 9.13 GHz in the TE101 mode as a function of its thickness by varying its dielectric material, (c) evolution the unloaded Q-factor of the SIW resonator resonating at 9.13 GHz in the TE101 mode as a function of its thickness by varying its dielectric material.
As illustrated in Fig. 4 , the increase of the thickness of each dielectric material used in the SIW resonator has caused an increase the unloaded Q-factor and the reduction the fractional bandwidth of resonator. Thus, the use of a dielectric material that has a high permittivity in the SIW resonator has caused an increasing the insertion losses of resonator.
IV. FILTER DESIGN AND ANALYSIS
A second-order bandpass filter is designed to meet the following specifications, a center frequency is f0 = 14.32 GHz and a fractional bandwidth is FBW = 27 %. The return loss is better than 20 dB and the rejection ≥ 10 dB for frequencies ≥ 27 GHz. The coupling routing diagram of the proposed filter is shown in Fig. 5 , where each line shows a direct coupling and each node represents a resonator.
Applying the classical Chebyshev synthesis, the element values of the lowpass prototype filter are g0 = 1, g1 = 0.4489, g2 = 0.4078, g3 = 1.1008 [14] . The external quality factors of the filter at the input (Qein) and output (Qeout) can be synthesized by formula (8) shown as follows [14] . 
The coupling matrix [M] of the proposed filter is given by formula (10). 
The filter is composed of two SIW resonators. Figure 6 shows the top view of the proposed filter. The iris is used to form the inter-resonator coupling structure (M1,2), the input and output are coupled through coplanar waveguide (CPW). The substrate of the filter is made of six 0.084 mm thick layers of Heratape CT765 (εr =68.7 and tanδ = 0.00173). The resonant frequency of TE101 mode in each cavity of filter is about 14.32 GHz.
The external quality factor (Qe) for resonator 1 and 2 is calculated by using the model shown in Fig. 7 The external quality factor (Qe) is controlled by changing the slot length of the conventional coplanar waveguide (CPW). Qe is obtained from the simulation by using this formula [15] :
Where f0 is the resonant frequency of the resonator (SIW resonator 1 or 2) and Δf is the 3-dB bandwidth centre at the resonant frequency. As illustrated in Fig. 8 , when the slot length of CPW increases the external quality factor (Qe) is decreasing. Thus, as required for the filter specification, Qe = 1.66 is obtained at slot length of CPW = 1.05 mm.
The coupling between the two SIW resonators is performed by an iris opening. This structure is shown in Fig. 9 Where M is the coupling coefficient between two SIW resonators, fe is the higher resonant frequency and fm is the lower resonant frequency. According to Fig. 10 , when the iris opening increases the coupling coefficient (M) becomes large, as required for the filter specification, the coupling coefficients M1,2 = 0.63 can be obtained for a iris opening = 2.6 mm. Figure 11 shows the geometrical parameters of second-order SIW bandpass filter in LTCC technology using high permittivity substrate. After optimization by Ansoft HFSS, the optimal parameters of the filter (Fig. 11) are provided in Table II. The simulation results for S-parameters of second-order SIW bandpass filter in LTCC technology using high permittivity substrate are shown in Fig. 12 . Fig. 12 . Simulated S-parameters of second-order SIW bandpass filter in LTCC technology using high permittivity substrate.
Simulated results presented in Fig. 12 show that the filter has a fractional bandwidth of 27 % centered at 14.32 GHz with insertion loss of 0.7 dB and return loss of 21 dB. The size of this filter is only 6.24 × 3.24 × 0.504 mm 3 . In order to verify the properties of proposed filter, a comparison between the proposed filter and the filters reported in the references are presented in Table III .
In According to the comparisons (Table III) , the filters in [16] , [17] have the return losses quite good, but their insertion losses are much higher than that of the proposed one. Although the filter in [18] has a low insertion loss, their return loss is not good enough. Thus, the filter in [19] has good performance on the whole, but their fractional bandwidth is extremely small than that of the proposed filter.
Generally, the proposed filter proves low insertion loss, better return loss and small dimensions.
V. CONCLUSION
In this paper, a detailed analysis was done on SIW resonator. The results obtained show that the use of high permittivity substrate in the SIW resonator allows reducing the size and the increase the insertion losses of resonator. Thus, the increase of the thickness of each dielectric material used in the SIW resonator has caused the increase the unloaded Q-factor and the reduction the fractional bandwidth of the resonator. The wideband SIW bandpass filter in LTCC technology using high permittivity substrate has been designed, by proving low insertion loss, better return loss and small dimensions. The filter has a fractional bandwidth of 27 % centered at 14.32 GHz with insertion loss of 0.7 dB and return loss of 20 dB. The size of this filter is only 6.24 × 3.24 × 0.504 mm 3 . The proposed filter has small size and low loss, can be directly integrated with other circuits without any additional mechanical assembling tuning, this filter is useful for microwave and millimeter-wave applications.
